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ABSTRACT: 

A road vehicle radar system for discriminating between hazard and non-hazard targets within a 
predetermined zone uses a pair of frequency modulated continuous wave radar cycles (FM-CW) 
and a single continuous wave cycle (CW) in the generation of radar quantities for measuring 
target range and apparent target velocity. Measured quantities from the FM-CW and CW cycles 
are compared with predetermined quantities for discriminating between hazard and non-hazard 
targets. 
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© Vehicle obstruction detection system. 

© A vehicle obstruction detection system (15) for 
discriminating between hazardous and non-hazard- 
ous obstructions (13) within a predetermined zone 
uses a pair of frequency modulated continuous wave 
radar cycles (FM-CW) and a single continuous wave 
radar cycle (CW) in the generation of radar quan- 
tities for measuring obstruction range and apparent 
obstruction velocity. Measured quantities from the 
FM-CW and CW cycles are compared with predeter- 
mined quantities for discriminating between hazard- 
ous and non-hazardous obstructions (13). 
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This invention is related to a vehicle obstruc- 
tion detection system and to a method of dis- 
criminating between hazardous and non-hazardous 
obstructions, for example for discriminating haz- 
ardous objects from various non-hazardous objects 
and/or clutter commonly encountered in typical 
automotive environments. - ■■■■ 

Many attempts have been made to provide 
reliable discrimination of obstructions in the path of 
a vehicle. Many of these attempts have used ve- 
hicular radar systems which provide data relating to 
the range of the obstruction and relative velocity 
between the obstruction and the vehicle. The op- 
erating environment of an automotive radar system 
presents many challenges to the system designer, 
among the most troublesome being differentiation 
between hazardous and non-hazardous obstruct 
tions, both of which return transmitted radar sig- 
nals. Typical non-hazardous obstructions include 
road signs, bridges, fences, guardrails and the like; 
Poor discrimination of such non-hazards from 
hazards limits the effectiveness and reliability of 
such automotive radar systems. 

Various attempts have been made to remedy 
the above shortfalls. One such attempt includes 
limiting the range and pattern width of signal trans- 
mission and reception, however, this also undesir- 
ably limits the area of detection. This is an espe- 
cially unattractive option where, as in a vehicle 
blind-zone detection radar system, a relatively wide 
ar a needs to be covered. 

Other proposals for solving the above shortfalls 
include multiple transmitter and/or receiver configu- 
rations which are complex and costly. 

Systems with variable transmitted radar pattern 
angle and range, responsive to steering input, have 
also been proposed to limit return signals from 
non-hazard obstructions of. the type which are tan- 
gential to a vehicle's travel around a curve or bend. 
This technique may be useful for look-ahead or 
look-back radar systems . where radar pattern is 
substantially aligned with the major axis of the 
vehicle but does not address the problems of blind- 
zone radar systems where the transmission pattern 
is intentionally at an angle from the major axis of 
the vehicle. 

Additionally, relatively complicated return sig- 
nal processing to separate multipath signals in fre- 
quency bands have been proposed to discriminate 
between several detected obstructions. 

The pres nt invention seeks to provide an im- 
proved vehicle obstruction detection system and a 
method of discriminating between hazardous and 
non-hazardous obstructions in the vicinity of a ve- 
hicle. 

According to an aspect of the present inven- 
tion, there is provided a vehicle obstruction detec- 
tion system as specified in claim 1. 



According to another aspect of the present 
invention, there is provided a method of dis- 
criminating between hazardous and non-hazardous 
obstructions in the vicinity of a vehicle as specified 
5 in claim 5. 

It is possible to provide accurate discrimination 
of hazardous obstructions from non-hazardous ob- 
structions, without substantial or complex hardware 
and with relatively simple processing of obstruction 
10 data. Additionally, it is possible to. provide obstruc- 
tion discrimination without limiting the area covered 
by the system. 

A preferred embodiment uses a multimode ra- 
dar system which provides for accurate obstruction 
75 discrimination in an automotive application. A fre- 
quency modulated continuous wave (FM-CW) por- 
tion of transmitted, and received signals is utilised 
in the determination of apparent velocity and range 
of an obstruction. A continuous wave (CW) portion 
20 of transmitted and received signals is utilised in the 
. determination of the obstruction's apparent veloc- 
ity. The relationship between the range and two 
apparent velocities of the obstruction determine 
whether the obstruction is hazardous or non-haz- 
25 ardous. 

An embodiment of the present invention is 
described below, by way of example only, with 
reference to the accompanying drawings, in which: 
Figure 1 is a diagram illustrating an embodiment 
30 of vehicular blind-zone radar pattern in relation 
to a carrying vehicle and typical non-hazardous 
obstruction; 

Figure 2 is a block diagram of an embodiment 
of vehicular radar system; and 
35 Figures 3a and 3b are flow charts of an embodi- 
ment of program instructions executed by the 
system of Figure 2 for carrying out obstruction 
discrimination. 
Figure 1 depicts a motor vehicle 12 travelling 
40 in a forward direction along its major axis V along a 
typical roadway environment generally designated 
10. Lane boundaries are shown by lines 20, 21 and 
an extended roadside object 13 is illustrated to 
represent common roadway environmental ele- 
45 ments such as guardrails, fences, infrastructure ab- 
utments and the like. 

Vehicle 12 is equipped with a blind-zone radar 
system 15 operative to transmit and receive radio 
signals. The transmitted radio signals have a radi- 
50 ation patter 14 substantially corresponding to the 
main lobe thereof. Radiation pattern 14 has a 
spread angle 0 which also substantially corre- 
sponds to the reception pattern spread angle. The 
radiation and reception patterns shown correspond 
55 to what is termed a vehicle blind-zone, created by 
obstructions and/or limited mirror viewing fields, 
and are intended to be used to detect the presence 
of hazardous objects in this zone. 
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An embodiment of blind-zone radar system 15 
includes (as best seen in Figure 2) a transmission 
antenna 41 for establishing the radio signal radi- 
ation pattern 14. Receiving antenna 42 is config- 
ured to receive reflected radio signals within sub- 
stantially the same pattern established by transmis- 
sion antenna 41. Modulator 47 is a multi-function 
modulator responsive to digital signals on control 
lines 51 and 52 to produce an analogue voltage 
output on line 60 for control of voltage controlled 
oscillator (VCO) 45. 

Modulator 47 responds, for example, to a high 
logic signal on line 52 by outputting a constant DC 
voltage on line 60 so that voltage controlled oscilla- 
tor 45 outputs a continuous wave (CW) radar signal 
on line 61. Modulator 47 responds to a low . logic 
signal on line 52 by outputting a linear ramped 
voltage on line 60 such that voltage controlled 
oscillator 45 outputs a frequency modulated, con- 
tinuous wave (FM-CW) radar signal on line 61 . The 
direction of the linear ramped voltage on line 60 is 
dependent on the logic signal on line 51, thereby 
allowing both a ramped-up and a ramped-down 
voltage and correspondingly unique FM-CW radar 
signals. . T 

The radar signal on line 61 is fed to power 
divider 43, at which a portion is routed to transmit- 
ting antenna 41 and another portion thereof is 
routed to mixer 44 via line 64. Mixer 44 also 
receives radar signals from receiving antenna 42, 
which are reflected portions of the transmitted ra- 
dar signals from antenna 41 . The two signals ,are 
processed in a conventional heterodyned sensor so 
as to produce an IF signal on line 62 at the output 
of mixer 44. The IF signal is amplified and filtered 
at unit 46 to remove low frequency and DC compo- 
nents therein. The output on line 63 is the fre- 
quency differential between the transmitted and 
received signals. 

The resultant signal is digitised for processing 
by digital processor 49. Digital processor 49 op- 
erates on the basis of a control algorithm of the 
type shown in Figures 3a and 3b and described 
below, so as to control modulator 41 and to pro- 
cess conditioned radar signals to determine there- 
from distance from and relative velocities of ob- 
structions and to distinguish between hazardous 
and non-hazardous obstructions. Digital processor 
49 comprises a central processing unit with internal 
clock, ROM, RAM and various digital input and 
output ports. In addition to control lines 51 and 52, 
digital output line 70 provides an indication via its 
logic state of the presence or absence of a haz- 
ardous obstruction. Input line 53 comprises a mea- 
sure of vehicle speed to the radar system to take 
into account varying vehicle speeds. 

Referring to the embodiment of routine shown 
in Figures 3a and 3b. it begins at step 100 which is 



executed each time the radar system operates for 
initialising various tables, timers, flags and the like 
used by the routine. Following initialisation, a group 
of obstruction discrimination steps 101-112 and 

5 alternative groups of obstruction acceptance steps 
120-124 or obstruction rejection steps 130-134 are 
repeatedly executed. 
- - Processing steps 101-103 perform radar signal 
transmission, reception and signal processing func- 

10 tions to establish well known radar data quantities. 
Step 101 performs a first FM-CS radar cycle in- 
cluding controlling modulator 47 via control lines 51 
and 52 to produce transmission of an up-sweep 
signal according to a linear ramp in the present 

75 embodiment, reading an amplified, filtered and 
digitised IF signal at input line 54 and calculating 
therefrom the lowest order spectral component f up 
such as by Fast Fourier Transform (FFT) tech- 
niques. The quantity f up is a rough measure of 

20 range to the obstruction off which the transmitted 
signal was reflected. Step 102 performs a second 
FM-CW radar cycle but with a down-sweep signal 
according to a linear ramp and similarly calculates 
the lowest order spectral component f d0W n- Step 

25 103 performs a continuous wave (CW) radar cycle 
and determines, the CW doppler quantity few- The 
CW doppler quantity f cw is a pure doppler fre- 
quency difference without algebraic sign and thus a 
measure of relative obstruction velocity but not 

30 direction. 

Steps 101-103 provide a portion of the data 
used to determine whether or not a hazardous 
object is in the path of the vehicle and the relation- 
1 ship of the position of such an object relative to the 

35 vehicle. It is here noted that the time intervals for 
the up-sweep and down-sweep FM-CW cycles are 
preferably substantially, equivalent so that any 
doppler frequency component present in the mea- 
sured quantities f up and fd 0W n can be extracted in 

40 subsequent processing steps. Other modulating 
waveforms, such as rising and falling portions of a 
sinusoidal signal, could be used in place of the 
chosen linear ramps. However, linear ramp modula- 
tion is preferred since it provides relatively simple 

45 discrimination between several obstructions in 
comparison to non-linear modulation, such as 
sinusoidal waveforms would provide. Alternative 
methods and techniques for obtaining the FM-CW 
and CW quantities will be apparent to the skilled 

50 person. 

Steps 104 and 105 determine whether the ob- 
struction is within a predetermined range. The 
quantities f up and f down may contain a doppler fre- 
quency component depending upon the relative 

55 motion between the vehicle and obstruction and 
thus may differ from one another. However, these 
quantities f up and f d0 wn provide a sufficient estimate 
of range for a preliminary detection of obstructions. 
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Step 104 compares f up to a predetermined quantity 
fmax representing a maximum range of concern. If 
the quantity f up is less than f max . then the rough 
measure of obstruction range represented thereby 
is determined to be within the range of concern 
and step 105 is next executed. The quantity f down is 
similarly compared to f^ at step 105 and if it is 
also less than f ma x then the obstruction is accepted 
as being within the range of concern and step 106 
is next executed. If either f up or f d0W n is greater than 
fmax* then the current obstruction detection is im- 
mediately considered non-hazardous, no further 
obstruction discrimination steps need be performed 
and processing proceeds to . obstruction rejection 
steps .130-134 via path 151. Alternatively, the range 
may be determined by comparing the average of 
quantities f up and f down with f max , which technique 
effectively eliminates any doppler frequency com- 
ponent between the two quantities averaged. 

Proceeding with the assumption that the pre- 
liminary check has determined that the obstruction 
is within the range of concern, step 106 extracts 
the FM-CW doppler quantity f d from the FM-CW 
quantities f up and f down as one half of the difference 
between these two quantities. The FM-CW doppler 
quantity f d is a measure, of the relative velocity of 
the obstruction. The FM-GW doppler quantity f d 
may be positive or negative, a positive value being * 
indicative of an approaching obstruction and a neg- 
ative value being indicative of a receding obstruc- 
tion. The first branch of a two-branched discrimina- 
tion test is performed at step 107. The magnitude 
of f d is compared to a predetermined quantity Wi 
representing a minimum relative obstruction ve- 
locity which will reliably indicate whether the ob- 
struction is potentially hazardous. Where the mag^ 
nitude of f d is equal to or greater than Wi, the 
detected obstruction is considered potentially haz- 
ardous and step 109 sets a retained doppler quan- 
tity F d used in further processing to the FM : CW 
doppler quantity f d . In the case of a roadside ob- 
struction, for example a guard rail, the strongest 
reflected radar signals are perpendicular to the 
guard rail and thus the FM-CW doppler quantity f d 
is a measure of the apparent velocity of the guard 
rail section adjacent the vehicle. Where the vehicle 
is closing in on the guard rail, the; relative velocity 
between them may cause a negative response at 
step 107, immediately indicating a potential hazard. 
Alternatively, where the vehicle travel is substan- 
tially parallel to the guardrail, the relative velocity 
and thus the magnitude of the FM-CW doppler 
quantity f d is correspondingly small and a positive 
response is made at step 107. 

When the result at step 107 is positive, step 
108 is next executed to compare the CW doppler 
quantity few to a predetermined quantity W2 repre- 
senting a minimum obstruction velocity which will 



reliably indicate whether a significant difference 
between the FM-CW doppler quantity f d and the 
CW doppler quantity few is detected. In the case 
where the magnitude of the FM-CW doppler quan- 

5 tity f d is small (indicating little or no apparent 
relative motion between the vehicle and obstruc- 
tion) and the CW doppler quantity few is also small 
(likewise indicating little or no apparent relative 
motion between the vehicle and obstruction), the 

70 detected obstruction is considered a potential haz- 
ard and step 109 sets the retained doppler quantity 
F d to the FM-CW doppler quantity f d . In the case 
where; the magnitude of the FM-CW doppler quan- 
tity f d is small (indicating no apparent relative mo- 

-75 tion between the vehicle and obstruction) and the 
CW doppler quantity f cw is large (indicating appar- 
ent relative motion between the vehicle and ob- 
struction), the detected obstruction is considered 
non-hazardous and step 110 sets the retained 

20 - doppler quantity F d to the algebraic negative value 
of the CW cycle doppler quantity f cw in order to 
flag the detected obstruction as non-hazardous.* 
The divergent FM-CW and CW doppler quantities 
are explained and resolved as follows with refer- 

25 ence to Figure 2. 

As mentioned above in relation to a situation in 
which the vehicle 12 is adjacent a roadside ob- 
struction such as a guard rail, the strongest re- 
flected radar signals. are perpendicular to the guard 

30 rail. The IF signals produced during the FM-CW 
and CW cycles will, when processed through am- 
plifier and filter 46, produce respective frequency 
signals on line 63 which are the differences in 
frequency between the two heterodyne-processed 

35 signals for the particular cycle. In the case of an 
FM-CW cycle with a roadside obstruction, the per- 
pendicularly reflected signal will, when combined 
, with the transmitted signal in heterodyne manner, 
produce an IF signal on line 62 which has a high 

40 frequency content so as to pass through the filter 
at 46, thus producing the dominant lowest order 
spectral component on line 63. Therefore, the FM- 
CW doppler quantity f d will be small or non-exis- 
tent, indicating minimal relative motion between the 

45 : vehicle and the obstruction. However, in the case 
of a CW cycle with the same roadside obstruction, 
the perpendicularly reflected signal will produce an 
IF signal online 62 which has minimal if any high 
frequency content due to the near zero frequency 

so differential (zero doppler component) between the 
transmitted and the perpendicularly reflected sig- 
nal, so as to be greatly attenuated through the filter 
46, thus producing little if any high frequency spec- 
tral component on line 63. 

55 The dominant lowest order spectral component 
on line 63 during a CW cycle is therefore the result 
of the doppler content of the "heterodyned" re- 
flected and transmitted CW signals. Non-perpen- 
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dicular portions of the roadside obstruction will 
have a relative velocity with the vehicle and thus 
the signal reflected thereby will combine with the 
transmitted signal to produce an IF signal having 
substantial high frequency content which will pass 
through the filter 46 to produce the dominant low- 
est order spectral component on line 63. Thereforer 
the CW doppler quantity f^ will be large, indicating 
relative motion between the vehicle and the ob- 
struction. Where the decisions at steps 107 and 
108 are affirmative, divergent FM-CW and CW 
doppler quantities indicate a roadside obstruction 
which is not hazardous. As mentioned above, step 
110 is then executed to generate the retained 
doppler quantity F d , as the algebraic negative value 
of the CW cycle doppler quantity f cw , thereby to 
flag the detected obstruction as non-hazardous. 

After the retained doppler quantity F d is set at 
step 109 or 110, the two paths in the routine merge 
to execute step 112. The retained doppler quantity 
F d is compared to a threshold value f !h representa- 
tive of a closing velocity which, if exceeded, deter- 
mines that the detected obstruction is hazardous. 
The threshold value f lh is a predetermined positive 
value which, in the present embodiment, is a func- 
tion of vehicle speed and is preferably read from a 
conventional two-dimensional look-up table or alter- 
natively calculated from a formula. Additionally, 
other parameters such as tyre to road friction co- 
efficients and weather conditions may be included 
in determining the threshold value. The threshold 
value f th cannot be exceeded in the case where the 
retained doppler quantity F d was set negative at 
step 1 10, and step 112 will therefore pass process- 
ing on to a group of obstruction rejection steps 
130-134. This follows since the detected obstruc- 
tion has already been considered non-hazardous. 
The threshold value f th may or may not be ex- 
ceeded in the case where the retained doppler 
quantity F d was set at step 109, indicating a poten- 
tial hazard. A receding obstruction will have a neg- 
ative value for the retained doppler quantity F d and 
cannot exceed the positive threshold value f lh . An 
approaching obstruction on the other hand will 
have a positive value for the retained doppler quan- 
tity F d and, depending upon its magnitude, may 
exceed the threshold value f th . If the threshold 
value f th is exceeded, then the potentially haz- 
ardous event is actually determined to be haz- 
ardous and a group of obstruction acceptance 
steps 120-124 is next executed. On the other hand, 
if the threshold value f th is not exceeded, then the 
potentially hazardous event is determined to be 
non-hazardous and a group of obstruction rejection 
steps 130-134 is next executed. 

When the threshold value f lh is exceeded, the 
group of obstruction acceptance steps 120-124 is 
executed to determine if the valid obstruction flag 



should be set. A set valid, obstruction flag in the 
present embodiment indicates that a predeter- 
mined number of consecutive hazardous events 
has been detected. 

5 Step 120 first determines if a valid obstruction 

flag is currently set. If the valid obstruction flag is 
set, the current hazardous event is merely cumula- 
tive, the valid obstruction flag remains set and the 
routine returns via line 150 to step 101 to repeat 

70 the obstruction discrimination steps. If the valid 
obstruction flag is not set, processing passes to 
step 121 which checks if this current pass through 
obstruction acceptance steps 120-124 is the initial 
pass since the last non-hazardous event was de- 

75 tected. If this pass represents the first time through 
this part of the routine, then a debounce timer is 
reset at step 122 and begins a count down. If this 
is not the first pass, the debounce timer is not 
reset and continues to count down. Step 123 next 

20 determines if the debounce timer has expired. An 
expired debounce timer indicates that a sufficient 
number of consecutive hazardous events has oc- 
curred to accept the current obstruction as haz- 
ardous. Therefore, if the debounce time has ex- 

25 pired, step 124 sets the valid obstruction flag which 
remains set so long as the group of obstruction 
rejection steps 130-134 does not reset it. 

When the threshold value f th is not exceeded 
or the obstruction is out of range, the group of 

30 obstruction rejection steps 130-134 is executed to 
determine if the valid obstruction flag should be 
reset. A reset valid obstruction flag in the present 
embodiment indicates that a predetermined num- 
ber of consecutive non-hazardous events has been 

35 detected. Step 130 first determines if a valid ob- 
struction flag is currently set. If the valid obstruc- 
tion flag is not set, the current non-hazardous event 
is merely cumulative, the valid obstruction flag re- 
mains reset and the routine returns via line 150 to 

40 step 101. If the valid obstruction flag is set, pro- 
cessing passes to step 131 which checks if the 
current pass through obstruction rejection steps 
130-134 is the initial pass since the last hazardous 
event was detected. If it is the first pass, a hold 

45 timer is reset at step 132 and begins a count down. 
If it is not the first pass, the hold timer is not reset 
and continues to count down. Step 133 next deter- 
mines if the hold time has expired. An expired hold 
time indicates that a sufficient number of consecu- 

50 tive non-hazardous events has occurred to accept 
the current obstruction as non-hazardous. Ther - 
fore, if the hold time has expired, step 134 resets 
the valid obstruction flag, which remains reset so 
long as the group of obstruction acceptance steps 

55 120-124 does not set it. 

The precise process of accepting and rejecting 
groups of sequential hazardous and non-hazardous 
events disclosed above is unnecessary to the ac- 
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tual discrimination between hazardous and non- 
hazardous events which preceded it, and is only 
described to illustrate the preferred embodiment 

The disclosures in United States patent ap- 
plication no. 069,470, from which this application 
claims priority, and in the abstract accompanying 
this application -are incorporated herein -by . refer- 
ence. 

Claims 

1. A vehicle obstruction detection system for dis- 
criminating between hazardous and non-haz- 
ardous obstructions comprising transmitting 
means (41 ,43,45, 47) for transmitting a pair of 
. first signals, said first signals being frequency 
modulated continuous wave signals, and a sec- 
ond signal, said second signal being a continu- 
ous wave signal; receiving means (42) for re- 
ceiving reflections of the first and second sig- 
nals reflected off an obstruction; processing 
means (49) for obtaining a first relative velocity 
of the obstruction on the basis of the received 
pair of first signals, and for obtaining a second 
relative velocity of the obstruction on the basis 
of the second signal; and comparator means 
(49) for comparing the first and second relative 
velocities and for determining that a hazardous 
obstruction exists when the difference between 
the first and second velocities exceeds a pre- 
determined magnitude. 

2- A vehicle obstruction detection system for dis- 
criminating between hazardous and non-haz- 
ardous obstructions comprising transmitting, 
means (41,43,45, 47) for'transmitting a pair of 
first signals, said first signals being frequency 
modulated continuous wave signals, and a sec- 
ond signal, said second signal being a continu- 
ous wave signal; receiving means (42) for re- 
ceiving reflections of the first and second sig- 
nals reflected off an obstruction; processing 
means (49) for obtaining a first doppler quan- 
tity from the received pair of first signals and a 
second doppler quantity from the received 
second signal; and identifying means (49) op- 
erative to determine that no hazardous ob- 
struction is present when the first and second 
doppler quantities are contradictory. 

3. A vehicle obstruction detection system accord- 
ing to claim 1 or 2, wherein the pair of first 
signals are linearly modulated. 

4. A vehicle obstruction detection system accord- 
ing to claim 1, 2 or 3, wherein the pair of first 
signals and the second signal are radar sig- 
nals. 



5. A method of discriminating between hazardous 
and non-hazardous obstructions in the vicinity 
of a vehicle comprising the steps of transmit 1 
ting a pair of first signals, said first signals 

5 being frequency modulated continuous wave 

signals, and a second signal, said second sig- 
nal being a continuous wave signal;-receiving 
reflections of the first and second -signals re- 
flected off an obstruction; obtaining a first rela- 

ro tive velocity of the obstruction on the basis of 
the received pair of first signals, obtaining a 
second relative velocity of the obstruction on 
the basis of the second signal; comparing the 
first and second relative velocities; and deter- 

75 mining that a hazardous obstruction exists 

when the difference between the first and sec- 
ond velocities exceeds a predetermined mag- 
nitude. 

20 6. A method of discriminating between hazardous 
and non-hazardous obstructions in the vicinity 
of a vehicle comprising the steps of transmit- 
ting a pair of first signals,, said first signals 
being frequency modulated continuous wave 

25 - signals, and a second signal, said second sig- 
nal being a continuous wave signal; receiving,, 
reflections of the. first and second signals re- 
flected off an obstruction; obtaining a first 
doppler quantity from the received pair of first 

30 signals and a second doppler quantity from the 

received second signal; and determining that 
no hazardous obstruction is present when the 
first and second doppler quantities are con- 
tradictory. 

35 

7. A method according to claim 5 or 6, compris- 
ing the step of linearly modulating the pair of 
first signals. 

40 
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